Summary &horbar; The data published on the modifications of amino-acid metabolism associated with variations of obesity from genetic or hormonal origin have been reviewed. In the first part monogenic models of mice and rats are described. Obesity in humans is analysed in the second part. Lastly, non-ruminant genotypes or hormone-treated ones (chickens and pigs) are reviewed in the third part. Although different mechanisms are probably at the origin of these differences, many similarities can be drawn. Obesity is always associated with: 1) less efficient utilization of dietary amino acid; 2) a high concentration of branched-chain amino acids in plasma; 3) a deviation of carbon from amino acid towards gluconeogenis and lipogenesis; and 4) a less pronounced sensitivity to amino-acid imbalance in the diet. 
Much information has been published for obese rodents (rats and mice) which are extensively used in laboratory studies. Since these are monogenic obesities we may assume that understanding the mechanisms involved should be easier than in polygenic obesities. These models are presented in the first part.
Fewer papers have been published on obesities of humans. However, amino-acid metabolism was frequently investigated in these types of obesities, although they were perhaps not always entirely of genetic origin. Moreover they frequently concern adults. This situation is slightly different from studies on growing rodents or growing farm animals, which are considered in the third part of this review.
Geneticists have developed models of leanness in farm animals, mainly pigs and chickens, since low adiposity provides many advantages in animal production: reduced costs of feeding, better carcass quality and many other associated responses.
For pigs there are mixed experiments performed on lines selected for low-or highadiposity and other experiments on the effects of hormonal treatments that modify adiposity.
RODENT MODELS OF OBESITY
Several studies performed on Zucher rats showed that the obese rat exhibits a lower protein deposition (Radcliffe and Webster 1976 ; Lobley etal, 1978; Radcliffe and Webster 1978) . This (Chu et al, 1978; Radcliffe and Webster, 1978; Clearly and Vasselli, 1981 (Yamini et al, 1991) delivering more carbon chains which are used for fatty acid or glucose synthesis (Dunn and Hartsook, 1980) . Simultaneous experiments were performed to study amino-acid metabolism and hormonal modifications induced by obesity. Insulin is more active in lipogenesis than in proteinogenesis in Zucker rats which have been previously treated with alloxan (Chan et al, 1982; Stolz an Martin, 1982 (Monier et al, 1983; Augert et al, 1986) .
Integrative interpretation of all these observations is not easy, since feed consumption of obese individuals is always larger than that of the normal, and, as a consequence, amino-acid intake is also higher. (1981 a) between lean and obese mice.
Several studies were undertaken in order to look at the metabolic and hormonal changes which may have been associated with obesity (table V) . Felig et al (1974) showed that BCAA, aromatic amino acids (phenylalanine and tyrosine), threonine, alanine and sulphur amino acids are found in higher concentrations in the plasma of obese humans. These changes are thought to be the consequences of increased muscle proteolysis. Liver (Goodband et al, 1993) , which is in accordance with the positive correlation between obesity and BCAA concentration in plasma found in rodents and humans. p-ST treatment also decreased uremia and increased plasma glucose (Goodband et al, 1993) whatever the dietary lysine concentration, and the adipose tissue of p-ST-treated pigs became resistant to insulin. Consequently plasma insulin and glucose were increased.
Dietary protein utilisation was further investigated by Noblet et al (1992) Seve et al (1993) . Furthermore, these latter authors studied the effects of the hormone on proteinogenesis and proteolysis using 13 C-valine (Seve et al, 1993) .
Lean lines of chickens have been selected since 1980, either by direct selection using abdominal fat as the selection trait or by indirect selection using feed efficiency or plasma VLDL (Leclercq and Whitehead, 1988) .
Comparisons between lean, control and obese chickens resulted in many similar conclusions. Muscle proportions were always significantly higher in the lean genotype than in the control or in the obese (Ricard and Touraille, 1988 (Leclercq and Guy, 1991; Geraert et al, 1993; which could be interpreted as a metabolic trend towards protein synthesis. As a consequence, nitrogen excretion is reduced in the lean genotype, whatever the dietary protein content (Geraert et al, 1990 ). The comparative sensitivity of fat and lean chickens to protein concentration in the diet is controversial. Leclercq (1983) observed that the lean chickens were more sensitive to protein deficiency when dietary protein content was reduced by replacing soybean meal by maize; this resulted in modifying the amino acid (principally essential amino acid) composition. This was not observed when the amino-acid composition was kept constant by diluting a well-balanced protein with a protein-free diet (Leclercq and Guy, 1991) (fig 3) . These results were confirmed by recent experiments on comparative sensitivity to sulphur amino acid, lysine or arginine deficiency, which were much more pronounced in lean chickens (Leclercq ef al, 1993; Regressions between protein gain and protein intake have been measured several times (Leclercq, 1983; Geraert et al, 1990; Leclercq and Guy, 1991 The slope of the regression line p-ST-treated pigs was higher in the lean genotype and, at any given protein intake, protein retention was higher in the lean chickens. Similarly when protein gain was plotted against methionine, lysine or arginine intake (at least before the requirement is reached) at any given aminoacid intake protein gain was higher in the lean line. This suggests a more efficient metabolic utilisation of these amino acids in the lean line than the fat line.
The mechanisms involved in these metabolic differences are not well understood. Very consistent and significant differences were found in plasma amino acids at the fed state; these are summarized in figure 4. Fat chickens exhibited higher concentrations of sulphur amino acids, BCAA and lower concentration of several nonessential amino acids (alanine, glutamic acid, glutamine) and histidine (which is catabolised into glutamic acid) (Pesti et al, 1994 Radcliffe and Webster (1978) 
